Hydrogenase activity in biological systems has been measured by a variety of procedures. These include the orth-para conversion of hydrogen and the deuterium exchange reaction (Krasna and Rittenberg, 1954) , the fixation of tritium (Smith and Marshall, 1952) , and the catalytic hydrogenation of a variety of acceptor substances (Farkas and Fischer, 1947; Gest, 1954) . Catalytic hydrogenation of methylene blue has been employed most frequently for assays of hydrogenase, although the ability to reduce this dye is not necessarily an absolute criterion of hydrogenase activity (Curtis and Ordal, 1954) .
In the course of fractionating extracts of Micrococcos lactilyticu (VeilloneUa gazogenes) prepared by sonic disintegration, pronounced variations in hydrogenase activity were found when different dyes were used as hydrogen acceptors. In particular, it was found that a fraction having the highest specific activity with benzyl viologen was either completely inactive, or had very low hydrogenase activity, when assayed with methylene blue. A logical explanation for this finding is that another factor, in addition to hydrogenase, is required for the reduction of methylene blue by molecular hydrogen. The present paper gives evidence supporting this interpretation.
METHODS
The methods employed for growing bacterial cultures, for preparation of extracts and fractions, and for concentration and assay of hydrogenase activity have been described (Whiteley and Ordal, 1955) .
RESULTS
Hydrogenation of various substrates by sonicates and fractions of M. lactilyticus. Sonicates of M. lactityticus were found to catalyze the hydrogena-tionofa varietyof chemicalcompounds. The compounds tested, arranged in order of activity are as follows: benzyl viologen, methyl viologen, methylene blue, methyl violet, phenosafranin, uric acid, hydroxylamine, nitrate, nitrite, xanthine, 2,4 dinitrophenol, sodium hydrosulfite, sodium bisulfite, and sodium sulfite.' The hydrogenation of some of these compounds is reversible, i. e., hydrogen is evolved from reduced methyl viologen, benzyl viologen, and hypoxanthine in an atmosphere of nitrogen gas.
An uptake of hydrogen is sometimes obtained with fumarate, but this occurs regularly only if semicarbazide is added (0.02 M final concentration). In the absence of this compound, fumarate is rapidly degraded to acetate, propionate, carbon dioxide and hydrogen (Whiteley, 1955, unpublished data) . No uptake of hydrogen was observed with ferricyanide, diphosphopyridine nucleotide, or lipoic acid in substrate amounts, even in the presence of catalytic quantities of methyl or benzyl viologen. It may be noted that riboflavin (Witter, 1953) and endogenous flavins (Peck and Gest, 1954) On the other hand, the addition of a small amount of unheated protamine-precipitated material to a preparation of "soluble hydrogenase" greatly increased hydrogen uptake with methylene blue, although it had no effect on hydrogen uptake with benzyl viologen ( It should be noted that although the "supernatant" and "particulate" fractions of E. coli and M. lactilyticus were prepared in the same way, there was a difference in the distribution of hydrogenase with the two organisms. With E. coli the greater part of the hydrogenase activity, determined either by methylene blue or by benzyl viologen, was in the "particulate" fraction; whereas with M. lactilyticus, the "supernatant" fraction had the higher specific activity.
Methylene blue reduction by "8oluble hydro. (Gest, 1952) , the present work and the experiments of Swim and Gest on the synergism between "supernatant" and "particulate" fractions suggest that a dissociable component is required for the reduction of methylene blue. Although it has been postulated that such a component may be concerned with electron transport, it may equally well be involved in the detoxification of methylene blue. Methylene blue inhibition of "soluble hydrogenase." It has been demonstrated by Curtis and Ordal (1954) that methylene blue in the oxidized form inhibits the deuterium exchange reaction and also the hydrogenation of benzyl viologen and methyl violet by Micrococcus aerogenes. As seen from table 6, methylene blue also inhibits the hydrogenation of benzyl viologen by "soluble hydrogenase" from M. lactilyticus. The onset of hydrogen uptake is delayed and the rate of hydrogen uptake is somewhat decreased when small amounts of methylene blue are added simultaneously with benzyl viologen. With larger amounts of methylene blue, inhibition was complete. However, when small concentrations of methylene blue were added after half the benzyl viologen had undergone reduction, there was no effect on either the rate or the total uptake of hydrogen. Hence, with respect to the methylene blue effect, the "soluble hydrogenase" com-1955] ponent or components which are not required for the reduction of benzyl viologen. The demonstration by Curtis and Ordal (1954) (Whiteley and Ordal, 1955) .
Other workers have obtained-preparations of soluble hydrogenase which may be contrasted with the enzyme from M. lactilyticus in that they actively reduce methylene blue. Sadana and Jagannathan (1954) (Hyndman et al., 1953) , and in E. coli. A marked synergism was found between particulate and supernatant fractions of E. coli in the reduction of methylene blue, thus confirming the findings of Swim and Gest (1954 Sonicates of Micrococcw lactilyticus were found to catalyse the hydrogenation of a wide variety of chemical compounds. The hydrogenation of some of these compounds is reversible, i. e., molecular hydrogen is evolved from reduced methyl viologen, reduced benzyl viologen and hypoxanthine in an atmosphere of nitrogen gas.
By fractionation of sonicates of M. lactilytiu, preparations of "soluble hydrogenase" were obtained which exhibited high specific activity when asayed with benzyl viologen and certain other dyes, but which showed little or no hydrogen uptake with methylene blue. The hydrogenation of benzyl viologen by "soluble hydrogenase" was inhibited by methylene blue in the oxidized form. Evidence has been obtained that a component, in addition to hydrogenase, is required for the reduction of methylene blue by molecular hydrogen. Methylene blue activity was restored to preparations of "soluble hydrogenase" from M. lactilyticus by the addition of various heat-labile materials. These included a particulate fraction from M. lactilyticu, itself low in hydrogenase activity; protamine-precipitated material from M. lactilytis; a particulate fraction from Escherichia coli; and a dilute extract of E. coli. In addition, marked synergism was found between particulate and supernatant fractions of M. lactilytcus and E. coli with respect to methylen blue reduction, but not benzyl viologen reduction.
